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INTRODUCTION*

In the search for effective therapies against infection by the human immunodeficicncv virus
(HIV), patients and their care givers have increasingly called for a shortening of the testing and
approval process that has traditionally brought drugs from development to market. As regulated
by the Food and Drug Administration (FDA), this process often takes from 7 to 10 years and
involves preclinical testing and a phased series of clinical trials of increasing size and complexity to
investigate a new drug's potential toxicity and effectiveness. In the drug approval process, FDA has
sought to achieve a balance between requiring definitive, large-scale, carefully monitored clinical
trials to determine the safety and efficacy of new drugs and ensuring that patients receive hclpful
medicines at the earliest possible time. Yet in the case of HIV infection, that balance has proved
elusive. The protracted course of the disease and the fact that patients may be infected but remain
asymptomatic for a relatively long perioxl compound the difficulties of large-scale trials and could
lengthen even more the time required under traditional methods to establish the efficacy of a drug.
The pressure for more rapid approval of cllective therapies has led to a se-.rch for appropriate ways
to shorten the time it takes to establish drug efficacy. One such mechanism that has been used by
FDA in other drug classes and that may hold promise for HIV infection is the surrogate endpoint.

To define a surrogate endpoint, it is first necessary to define the "true" clinical cndpoint for
which the surrogate will substitute. A true endpoint, often termed the significant clinical cndpoint,
is that outcome measure by which therapies are deemed efficacious or inellicacious in clinical
trials. In the case of AIDS it is generally death (mortality) or serious disease (morbidity-usually,
an opportunistic infection). A surrogate endpoint, then, is a substitute for these later, delinitive
outcomes that nevertheless correlates with disease progression and shows changes as a result of drug
effects.

A surrogate endpoint can involve determining a laboratory measurement or marker (e.g., CD4+
cell counts, levels of p24 antigen) that reflects in some manner the status of the disease process.
Clinical conditions (e.g., changes in weight, fever, neuropsychiatric functions) may also be measured,
and, to the extent that they predict more severe disease or survival, some researchers consider them
surrogate markers as well. (An important difference between laboratory and clinical measures is
that clinical measures may have 'ndependent significance for patient well-being as well as usefulness
for predicting later disease.) Although there is no universally accepted definition of a surrogate
endpoint, there is a distinction to be made between a surrogate endpoint and a laboratory marker of
disease progression. A particular laboratory measurement may be a good predictor ot the course of
the disease, but it may not necessarily be an appropriate surrogate cndpoint for drug cflicacy trials.
There is no guarantee that a marker that predicts progression of disease in an untreated patient will
respond in a reverse fashion to therapeutic intervention.

One of the primary benefits of establishing a surrogate endpoint for drug trials is that any effects
of a particular therapy can be seen earlier in the course of clinical trials before patients progress
to a more severe disease state. This early determination of effects allows for quicker approval
and more widespread availability of an effective treatment. Surrogate endpoints also have other
advantages. In some cases, they may be easier to measure than the significant clinical endpoint; in
addition, drug development costs may be lower because long, complex drug efficacy trials with large
populations are shortened or simplified. Surrogate endpoints may also be used at different stages of
the clinical trials process. They can serve as the primary endpoint in Phase I trials of drug activity
or as secondary endpoints in efficacy trials to support mortality and morbidity findings. In addition,
they can be used as stratification criteria to divide a population into groups for consideration of
drug effects on different levels of the marker being used.

In addition to benefits, however, there are risks to be considered in replacing clinical endpoints
with surrogates that rely on measurement of laboratory markers. A drug that was actually useful

"This section is based on material presented by James Bilstad, Paul Volberding, Andrew Moss, and lawrcnce Corey.
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might be rejected (or considered to be of little interest) simply because it showed no effect on the
particular marker chosen as a surrogate. The reverse also applies: a drug that actually produced
little clinical benefit might nevertheless be considered efficacious because it affected the marker
favorably. These considerations argue for great care in choosing and validating surrogate endpoints.

Another factor to be considered is that good markers have characteristics that may vary from
population to population. For example, it appears that beta-2 microglobulin is not as strongly
predictive of disease progression among intravenous drug users as it is among homosexual men.
Also, p24 antigenemia shows population variability: the marker appears to be found less frequently
among blacks than among whites. This type of variability increases the difficulties already inherent
in the task of identifying an appropriate surrogate for the true clinical endpoints of AIDS drug
efficacy trials.

An appropriate surrogate endpoint must satisfy a number of criteria:

1. The marker must be biologically plausible; that is, it must be consistent with what is known
about the pathophysiology and pathogenesis of the disease. If a marker is central to the pathogenesis
of the disease, then regression of the marker (i.e., the reversal or stabilization of an adverse trend)
should occur with therapies that have different mechanisms of action.

2. The marker must be present or abnormal in a large percentage of people who have the
disease. Preferably, it would be present in all persons with HIV infection.

3. The marker must be a good predictor of disease progression and should correlate closely
with the significant clinical endpoint.

4. There should be a correlation between the quantitative aspect of the marker and the
progression of the infection, i.e., the more severe the infection, the more deviant the marker from
normal.

5. The regression of the marker should be significantly associated with clinical improvement
(i.e., those with the greatest improvement in the marker should also show the greatest clinical
effects). Conversely, the lack of regression of the marker should be commonly associated with a
lack of clinical improvement.

6. The incidence of regression or improvement in the laboratory marker should be significantly
greater in treated than in untreated patients.

Whether a marker holds up as a surrogate for the clinical endpoint in a drug trial is eventually
determined by validating the marker through well-designed, carefully conducted, prospective clinical
studies that establish correlations between surrogate and clinical outcomes. Such validation means
that the drug must be studied for its effect on both the clinical endpoint and on the surrogate marker.
The current trend toward informal or truncated clinical trials is of some concern as it may damage
the potential for obtaining the required correlations. Once a drug is approved with wcll-designed
studies that validate the surrogate endpoint, it may be easier to demonstrate the effectiveness of
subsequent drugs of the same class on the basis of the surrogate endpoint. The weight given to
any particular marker depends on how well it correlates with the clinical endpoint and the degree
to which it has been validated. Some markers may be useful for determining drug activity or dose
ranges in early clinical studies, but they may not be useful as primary efficacy endpoints for approval
of the drug for marketing. In addition, a marker may be validated for use as a surrogate endpoint for
one stage of the disease but not for all stages. For instance, a marker may be valid and valuable in
asymptomatic infection but lose its value in later stages of disease. Some of the drug classes in which
FDA has accepted surrogate endpoints as a basis for approval include antihypertensive drugs, drugs
to treat osteoporosis, vaccines, lipid-altering drugs, antiarrhythmic drugs, and alpha-I proteinase
inhibitors. With HIV infection, however, the question is whether a drug should be approved now
on the basis of a surrogate endpoint that may or may not be validated by future studies.

Sometimes a candidate surrogate endpoint is initially identified through epidemiological studies
in which it is found to be a strong predictor of disease progression. During clinical trials (where the
bulk of experience so far is with nucleoside analogues), reproducible, measurable clinical benefits
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(e.g., improved neurological status) other than the primary endpoints of interest may also be
observed, offcriiig another way to measure drug efficaciousness. Predictors of progression to AIDS
gleaned from epidemiological data include both virologic markers (e.g, p24 antigen levels, plasma
viremia) and immunologic markers (e.g., CD44. cell counts, beta-2 microglobulin, neopterin). The
potential use of thes4, various markers as surrogate endpoints for drug efficacy trials is discussed in
the following sections.

VIROLOGIC MARKERS*

In the search for surrogate endpoints of drug efficacy against HIV, researchers have quite
naturally looked to the virus itself for a virologic marker of disease progression. They have
investigated viral burden using a number of different techniques and considering several specific
elements of the virus. Particular attention has centered on p24 antigen, the major viral core protein
of HIV As a result the measurement of p24 has been included in clinical trials to determine
whether the administration of a particular agent appears to affect levels of the antigen. Indeed, such
measurement was used to advantage in the Phase II trial of AZT. The p24 antigen is relatively easy
to detect and quantify, and measurement methods have been standardized and validated largely
as a result of the work of the Virology Committee of the National Institutes of Health (NIH)
AIDS Clinical Tials Group (ACTG). Measurable levels of the antigen have been shown to correlate
with stages of disease and disease progression. For example, one study showed more symptomatic
disease among hemophiliacs with detectable levels of p24 antigen than among those who were
not antigenemic. In addition, p24 levels have been shown to decrease with the administration of
antiretroviral drugs-to the point that in some studies a dose-response relationship has been seen.
Furthermore, several drugs that have failed to affect serum or plasma levels of p24 antigen have
shown few indications of efficacy by other laboratory or clinical measures.

Despite these advantages, the use of p24 levels as a surrogate endpoint in drug trials has
several major drawbacks. First, the antigen is not present in all HIV-infected persons; in fact, the
percentage of individuals who show p24 antigenemia at any stage of infection, and particularly in
asymptomatic infection, is relatively low. Any clinical trial enrollment limited to p24 antigenemic
persons would be severely constrained in its population. Moreover, although a reduction of p24
levels following the administration of AZT has been correlated with clinical response, this remains
only an association. There is no guarantee that an antigen response to therapy will consistently
predict a clinical response or that failure to decrease the level of p24 antigen correlates with a poor
prognosis.

From a biological perspective, it is premature to accept p24 antigen as a surrogate endpoint
for drug efficacy. For one thing, it is not known which cells in vivo produce the antigen or what the
reduction of p24 after therapy means at a cellular level. Consequently, although many researchers
display some confidence that the reduction of p24 with the use of nucleoside analogues (e.g.,
AZT, ddl, ddC) reflects antiretroviral activity, they are unable to explain why this reduction occurs.
Also unknown is !he route by which the antigen enters the circulation or why many HIV-infected
individuals develop AIDS-and die-without ever generating measurable antigen levels. When
researchers measure p24 antigen, they are really measuring only one component of a dynamic
system comprising antigen, antibody, and immune complexes (which may interfere with measuring
free antigen). So far the majority of attention has been focused on free antigen. Yet some
investigators have proposed that the drop in antibody seen in later stages of HIV infection may
actually be a better predictor of disease progression than antigen levels, especially when used in
combination with other indicators. A further limitation to the use of p24 antigen as a surrogate

"This section is based on material presented by Thomas Merigan, Henry Balfour, Douglas Richman, Robert Coombs, Stcphcn
Wolinsky, Paul Beninger, Lawrence Corey, and Blaine tHollinger.
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endpoint is that criteria for what constitutes a significant decline in p24 levels in clinical trials have
not been established. This limitation, as well as the drawbacks noted earlier, must be addressed
before p24 antigen can serve as a major surrogate marker of drug efficacy.

Virus cultured from peripheral blood mononuclear cells, although often considered by virologists
to be a "gold standard" against which to measure other markers, has not proved particularly useful
in the case of HIV infection. Current measurement techniques are so sensitive that the virus can be
reliably isolated from the great majority of antibody-positive individuals, regardless of the stage of
their disease. Once the culture is positive, it remains so, and there has been no evidence to date that
AZT reverses this result. The lack of change with therapy in the ability to culture cell-associated
virus suggests that, despite therapeutic progress, either drugs with greater antiviral effects are needed
or culturing techniques amplify latent virus that antivirals in theory cannot eradicate.

Unlike p24 antigen, plasma viremia (as measured by virus cultured from plasma) is highly
prevalent in persons with AIDS. In recent cross-sectional studies that quantified plasma viremia by
serial dilution, plasma viremia rose from approximately 20 percent in asymptomatic subjects to 90
percent in AIDS patients. Moreover, a prospective study by the same investigators showed that the
appearance of plasma viremia was associated with progression to symptomatic disease and declines
in CD4+ cell counts. In preliminary data presented at the conference, oral zidovudine therapy did
not significantly reduce the titer or frequency of plasma viremia, although there was a downward
trend with therapy. The same patients displayed a significant decline in antigen level with therapy.
Because plasma viremia is a useful marker of disease progression, delay in the progression of plasma
viremia may become a valuable means of evaluating response to antiviral therapy early in infection.*

Another area of exploration that appears promising is the use of polymerase chain reaction
(PCR) to establish and measure viral burden. PCR is a gene amplification technique that detects
proviral sequences in the peripheral blood mononuclear cells of HIV-infected persons. Thus far,
PCR has been used mainly to establish the presence of infection. Its use as a marker of drug efficacy
is more problematic. For example, any alterations in the efficiency of the process may substantially
affect the reliability of quantification. In addition, the technique is not yet widely available, and
laboratories have yet to standardize procedures and establish reliability. PCR has been used to study
a few patients before and after AZT therapy, and the studies suggested decreases in the amount of
detectable provirus after AZT administration. Such efforts, although in their infancy, point to the
value of continuing investigation of PCR and suggest it may be a technique that holds promise for
the future.

IMMUNOLOGIC MARKERS"

The common denominator of HIV infection is a progressive diminution of immune function. It
is thus appropriate to consider a variety of immunological variables as surrogate endpoints in efficacy
trials for drugs against AIDS and HIV. Data have been gathered on several markers of immune
system activation, such as beta-2 microglobulin, neopterin, and soluble interleukin-2 receptors. Yet

*As evidence of how quickly the field is developing, soon after this conference, two studies were published that amplify these
conclusions. In one (Ho, D.D., T Moudgil, and M. Alam, "Quantitation of human immunodeficiency virus type 1 in the blood
of infected persons," New Engtand Journal of Medicine, vol. 321, no. 24, pp. 1621-1625 [19891), both plasma and peripheral blood
mononuclear cell end-point-dilution cultures were found to vary in titers with stage of disease. In Ho's study, the HIV-I titers of
seven patientswith AIDS or ARC (AIDS-related complex) treated with AZT declined significantly in plasma but not in periph-
eral blood mononuclear cells. Coombs and colleagues (Coombs, R.W, A.C. Collier, J.-P. Allain, B. Nikora, M. Leuther, G.E
Gjerset, and L. Corey, "Plasma viremia in human immunodeficiency virus infection," New Engand Journal of Medicine, vol. 321,
no. 24, pp. 1626-1331 (19891) elaborated on the results presented here. Both studies raise the possibility of a role for plasma
viremia as a surrogate marker of drug efficacy.

"This section is based on material presented by Anthony Fauci, John Phair, Margaret ischl, Mark Jacobson, Janis Giorgi,
Gerald Quinnan, and Fred Valentine.
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the marker that continues to hold the most promise as a surrogate endpoint is the number of
CD4+ cells. This immunological indicator reflects an essential component of the human immune
system that is affected directly by HIV and that shows a clear relationship to disease pathogenesis.
In addition, studies have increasingly shown the value of this measure as a predictor of clinical
outcome.

The CD4+ cell is a T lymphocyte (its precursors lie in the thymus) that expresses the cell
surface marker CD4 to which HIV binds. Thus, it is the primary target for HIV CD4+ cells are also
essential in the coordination of many critical immune system functions. Many of the immunological
abnormalities in individuals with HIV infection are secondary to the lack of an appropriate inductive
signal from the CD4+ cell. Measurement of CD4+ cell counts has become embedded in clinical
management and clinical trials, and data on this marker over a relatively long period are now
available. They show that there is an unequivocal association between low levels of CD4+ cells
and measurable deleterious events (i.e., initial AIDS-defining events such as Pneuniocystis carinii
pneumonia [PCPI or wasting, as well as their recurrence) over the course of HIV infection. The
reverse also appears to hold: the higher the CD4+ cell count, the better the prognosis.

Although more remains to be learned about the patterns and mechanisms of CD4+ cell
depletion in HIV disease, studies have identified several periods during which CD4+ cell patterns
change. At HIV seroconversion, for example, a rapid fall occurs in CD4+ cell levels. During the
period of seropositivity, cell levels often remain stable, but they generally fall rapidly just prior to
the development of AIDS. During AIDS, depending on therapy, cell levels usually continue to fall
to very low levels. As noted earlier, a strong correlation is seen between CD4+ cell numbers and
deleterious events.

One of the studies that has been instrumental in establishing this correlation is the Multicenter
AIDS Cohort Study (MACS), an ongoing prospective investigation of the natural history c HIV
infection in approximately 5,000 homosexual and bisexual men. Begun in 1984, cumulative data
from the MACS indicated that seropositive persons with higher CD4+ counts had a lower risk of
developing PCP, whereas those with CD4+ cell counts of less than 200 had a markedly increased risk
of developing it. These findings served as the basis for the Public Health Service's recommendation
that prophylaxis against PCP should be begun for patients with CD4+ counts of less than 200.

Data are also available on the effects of AZT on CD4+ cells. The National Cancer Institute's
(NCI) original Phase I AZT study showed that CD4+ counts increased with administration of the
drug, then declined slowly. At the highest doses of the drug, however, CD4+ levels decreased,
perhaps as a result of toxicity. In the double blind, placebo-controlled trial of AZT, CD4+ cells
increased in the treatment group and then declined slowly, as opposed to the pattern of progressive
decline in cell counts seen in the placebo arm of the trial. The preliminary analysis of data from
a study investigating progression to AIDS or advanced ARC in individuals with early ARC treated
with AZT versus placebo found differences in drug effect between lower and higher CD4+ cell
strata. Individuals with CD4+ counts of 200 to 500 treated with AZT showed a mean increase of
approximately 50 cells, followed by a slow, progressive decline. Individuals in the higher stratum
(CD4+ counts greater than 500) showed only a nominal increase compared to controls, also followed
by a slow decline.

An important question that remains unanswered is the meaning of the decline that occurs
following the initial increase in CD4+ cells on therapy. Is the decline a reflection of the lym-
phosuppressive effects of nucleoside analogues, or does it reflect the possibility that the immune
system may not be able to reconstitute itself because it has undergone irreparable damage to the
thymic precursors of mature CD4+ cells? Further data that have recently become available from a
multicenter ACTG study investigating two different doses of AZT in the treatment of AIDS found
no difference between the two doses in their effects on CD4+ cells (i.e., CD4+ cells increased early
in therapy and then slowly declined). More important, however, these data suggest that the absolute
number of CD4+ cells at any one point in time, the latest measurement, is the most important
predictor of survival, regardless of how the individual achieved that level (through therapy or by
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starting at a different baseline level from which vrogression or regression occurred). This study also
suggested that relatively small shifts in the number of CD4+ cells can be very important if they
bring an individual's cell count into a better prognostic category. From these findings comes the
hypothesis that a stable CD4+ level indicates that HIV disease is not progressing; therefore, a halt
in the decline in the number of CD4+ cells is viewed as meaningful. Such a halt becomes especially
important if it prevents an individual from moving to a CD4+ cell count that predicts a deleterious
event.

The ability to reliably measure small changes in the number of CD4+ cells is crucial to this
marker's use as a predictor of disease progression and potential surrogate endpoint. However,
because CD4+ cell absolute values are obtained from three different laboratory measures using
three separate instruments, reliable measurement has been a problem. There have been concerted
efforts to standardize such measurements and implement quality control in laboratory testing, and
a number of laboratories have been certified for such testing. Nevertheless, reliability remains an
issue.

In addition to measurement problems, several factors in individual patients may affect CD4+
values. Diurnal variations may occur, or concurrent common viral infections may cause a transient
depression of the number of CD4+ cells. The difficulties involved in determining absolute CD4+
cell counts have led some researchers to suggest that more reliable measurements might be obtained
by measuring CD4+ cells as a percentage of total lymphocytes (there appears to be less day-to-day
fluctuation in measuring the percentage). Another alternative is to use a combination of several
measures-for example, cell count, percentage of total lymphocytes, and the CD4+/CD8+ ratio.

Unlike CD4+ cell counts, the other immunological markers noted earlier in this discussion-
beta-2 microglobulin, neopterin, and soluble interleukin-2 receptors-are relatively easy to measure
and show a smaller degree of variability from assay to assay. Beta-2 microglobulin (part of the
major histocompatibility complex class I antigen), neopterin (a product of stimulated macrophages),
and soluble interleukin-2 receptors are all markers of immune activation. Moreover, these markers
are systemic measures and may reflect the whole pool of cells affected by the disease, including
macrophages. Of the three, beta-2 microglobulin has been found to be the most powerful predictor of
progression to AIDS, although elevation of any of the three markers has been shown to be prognostic.
Beta-2 microglobulin and neopterin are both abnormally elevated in more than 90 percent of people
with symptomatic disease and in more than 40 percent of those with asymptomatic infection. With
AZT therapy, all three have shown significant decreases and trends toward normalization. Indeed,
some data have indicated that a decrease in beta-2 microglobulin early in the course of AZT therapy
predicted the longer term clinical outcome. However, therapeutic studies of these markers are
limited, which precludes judgments on whether drugs that influence the marker also affect adverse
outcomes. In addition, the nonspecificity of these markers (they are elevated in the presence of
numerous other viral, bacterial, and protozoan infections, as well as HIV) and their uncertain
relationship to disease pathogenesis are major drawbacks to their use as surrogate endpoints in
efficacy trials. Their use in combination with other markers (e.g., CD4+ cells, p24 antigen, IgA) has
been proposed, and early studies have shown some promise.*

The markers considered to this point all have qualities that support their potential use as
surrogate endpoints for drug trials.* It is well to reiterate, however, that any laboratory marker
(or clinical marker, for that matter) being considered for such use should reflect an important
physiological phenomenon related to the pathogenesis of the disease. Given the current state

* Fahey and coworkers recently evaluated three cellular markers and five serologic markers for their ability to predict progression
to AIDS. They found that progression to AIDS was predicted most accurately by the level of CD4+ cells in combination with
the serum level of either neoplerin or beta-2 microglobulin (Fahey, J.L., J.M.G. Taylor, R. Detels, B. Hofmann, R. Melmed, P.
Nishanian, and J. Giorgi, "The prognostic value of cellular and serologic markers in infection with human immunodeficiency
virus type 1," New England Journal of Me&cine, vol. 322, no. 3, pp. 166-172119901).

**Other interesting but relatively less investigated surrogate endpoints were also mentioned during the conference discussion
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of knowledge about the pathogenesis of AIDS, it is impossible to state absolutely that CD4+
lymphocyte decline reflects both necessary and sufficient factors in such pathogenesis. The caveats
noted by researchers concerning whether the actual effect of a drug on CD4+ lymphocyte counts are
really related to the pathogenic mechanisms of HIV infection should not be dismissed out of hand.
Yet what must also be taken into account is the definitive finding that CD4+ cells are necessary
for survival. In addition, although any one individual may be an exception, for populations of
HIV-infected persons studies have shown an unequivocal association between low levels of CD4+
cells and measurable deleterious events that are AIDS-defining phenomena and, by extrapolation,
predict survival. Thus, if one considers phenomena that are associated directly with deleterious
events and that are found in everyone who is infected with HIV, one is left with a virus, the markers
for which were summarized in the discussion on virology, and the CD4+ cell count, which invariably
declines in HIV-infected individuals.

It may well be that damage occurs to the precursors of CD4+ cells during the initial precipitous
drop in cell count following seroconversion and that this damage makes the loss of CD4+ cells
inevitable and irreversible. If this were true, a steady, sustained increase in CD4+ cells might be
too much to ask of any therapy. Perhaps, rather, the prevention of a decrease in such cells would
be a more reliable indicator of the blunting of the effects of HIV. Many issues involving this marker
remain to be resolved; nevertheless, with regard to the immunological parameters under discussion
as surrogate endpoints, the CD4+ cell count must certainly stand out as the primary measurement
of significance. Indeed, in some respects, patients have already accepted the CD4+ cell count as
the major determination by which they judge drug efficacy in trials and decide when to end their
participation in tests of what they believe are nonefficacious treatments. These very pragmatic
judgments on CD4+ cell counts may bear increasingly on any policy regarding its use as a surrogate
endpoint in efficacy trials.

SPECIAL ISSUES IN THE MATERNAL AND PEDIATRIC POPULATION*

AIDS in children and AIDS in adults differ in several respects, and these differences may affect
the use of surrogate endpoints in general and the choice of any one endpoint in particular. For
example, in the groups of infants and young children who have been identified as infected with
HIV, the incubation period to AIDS-and, indeed, the whole course of the disease-is shorter
than for adults: the median incubation in these groups of infants with either perinatally acquired
or transfusion-associated AIDS is about two years. In addition, B lymphocytes in children appear
to be more affected by the virus than are B cells in adults. The two groups are also susceptible
to different types of opportunistic infections: severe bacterial infections are more common in
childhood, although PCP and thrush, the most common opportunistic infections in children, are
common to both groups. These factors affect the design and conduct of clinical trials, as does
the fact that the pediatric AIDS population is substantially smaller than the population of adults
with AIDS. Yet perhaps the most important difference between children and adults with AIDS is
that infants and children are still developing. Thus, changes in the clinical markers of physical and
mental development in children may have promise as early indicators of the action and efficacy of
therapeutic drugs.

A number of natural history milestones are thought to have some prognostic value and may
be useful to consider in the search for surrogate markers of drug effect in the pediatric population.

periods. One such candidate is delayed type hypersensitivity skin testing, particularly Candida skin testing, as a method for as
sessing immunocompetence in HIV-infected patients.

*This section is based on material presented by Stanley Plotkin, Gwendolyn Scott, Catherine Wilfert, Karina Butler, Edward
Connor, John Modlin, and Paul Parkman.
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These factors can be divided into three types: immunological, virological, and clinical. The
immunological and virological aspects of AIDS in children have much in common with the disease
in adults; however, as noted above, the clinical picture in children varies substantially.

Of the immunological factors that seem to have prognostic value in children with AIDS,
immunoglobulin levels appear to be one of the most significant. Most children with HIV disease
have significantly elevated levels of immunoglobulin that may occur as early as three months of age
and persist for long periods. Anecdotal information suggests that, late in the course of illness, the
decline of these elevated immunoglobulin levels is associated with clinical deterioration in untreated
children. Also, the small minority of children found to be hypogammaglobulinemic early in the
course of disease seems to have a worse prognosis. However, as shown in the Phase I AZT trials,
with therapy the majority of children in the trials had prompt and dramatic declines in measurable
IgG and IgM toward normal levels. Thus, a decline in immunoglobulin levels associated with clinical
improvement appears to be a marker of change when children are receiving drug therapy.

The prognostic relevance of CD4+ cell counts in children is more ambiguous. Lymphocyte
counts in all children are higher than those of adults in the first year of life, and normal subset
values have not been defined. At birth or during the first year, infected children who subsequently
develop AIDS may have CD4+ cell counts of greater than 1,000. There may also be a significant
increase in CD8+ cells, which produces the characteristic reversal of the CD4+/CD8+ ratio that in
adults foreshadows the progression of clinical disease.

Several studies have shown drug effects on CD4+ cell counts in pediatric trials. Data from the
Phase II pediatric AZT trials showed an initial increase in CD4+ counts with therapy. Preliminary
data from the National Cancer Institute study that investigated a regimen of alternating ddC and
AZT indicated that CD4+ cell counts increased and the CD4+/CD8+ ratio improved with therapy.
In addition, preliminary results of a trial of ddI in children showed a similar improvement. Yet
despite these promising results, the absence of data on normal CD4+ counts in children during
the first year of life complicates the ability to determine abnormal levels. More data are needed
on levels of CD4+ cells in children who are not HIV infected and in children with AIDS, over
the course of the disease. Describing CD4+ cell values as percentages rather than as absolute
numbers may also prove useful because, although children have approximately four times as many
lymphocytes as adults, the percentage of CD4+ cells to total lymphocytes in children is comparable
to that in adults.

In addition to CD4+ cell levels, several other immunological factors have been considered
as laboratory markers in pediatric populations (and thus as potential surrogate endpoints for drug
trials). These factors include tumor necrosis factor, beta-2 microglobulin, and soluble interleukin-2
receptors. Only limited data are available on the association of changes in these markers with
disease progression; thus, no conclusions may be drawn regarding their value as surrogate endpoints
in drug trials.

As in the case of immunological markers, virologic markers in children have not yet proved
very useful for understanding prognosis and disease progression. Viral culture in children is used
mainly for diagnosis rather than prognosis. Furthermore, as in adults, virus can be cultured from
children on therapy. PCR studies in children (see the general discussion of this technique under
the virological panel) are limited and have concentrated on the early neonatal period, once again,
mainly for the purposes of diagnosis. This method needs further quantification and standardization
before it is ready for use in drug evaluation.

Among children as among adults, the virologic marker that so far has stirred the most interest
regarding its possible use as a surrogate endpoint of drug effect is the level of p24 antigen. In spinal
fluid, p24 antigen has been recognized as an early indication of HIV infection. Other data relating
to p24 antigen in children suggest a correlation between quantitative levels of antigen and disease
stage. Studies in New York, New Jersey, and the Netherlands have found a correlation between the
presence of high levels of antigen and disease progression. The p24 antigen has also shown changes
in the presence of drug therapy, declining in response to AZT therapy in Phase I and 11 trials. The
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NCI study of ddC plus AZT reported brisk falls in levels of the antigen. In addition, data from
the collaborative AZT studies indicated that essentially all of the children who had detectable p24
antigen in spinal fluid at the onset of therapy had reductions of the antigen to undetectable levels
by 24 weeks. These reports are promising; however, as in adults, a major drawback to the use of
p24 antigen levels as a surrogate endpoint is that not all children with HIV infection have detectable
antigenemia.

Certain clinical aspects of AIDS in children have been shown to have prognostic value in the
course of untreated infection; however, their utility as surrogate markers of drug effect is unclear.
Prognostic clinical factors include age at presentation of clinical disease, the type of disease with
which the child presents, and the development of opportunistic infection. The particular type of
opportunistic infection developed by a child may also be a key to the rate of disease progression. In
general, children who present with AIDS at less than one year of age have a shorter median survival
than those who present after one year. The type of clinical disease with which the child presents
also appears to predict prognosis: for example, survival following PCP is dismal. In adults, the
presence of PCP is associated with low CD4+ cell counts; in children, there is less correlation with
the absolute number of CD4+ cells (children have died with CD4+ counts of 1,000 to 2,000). On
the other hand, children who develop lymphoid interstitial pneumonitis (LIP) have a longer median
survival. (Although children with LIP meet the CDC case definition for AIDS, they are actually less
symptomatic and are sometimes combined with ARC patients in clinical trials.)

Finally, a unique aspect of children is that the "business" of infancy and childhood is growth
and development. These processes in children are predictable and well-described; because they also
proceed rapidly, changes can be detected early. Loss of appetite, wasting, and neuropsychological
impairment (detectable in 40 to 95 percent of HIV-infected children) are hallmarks of HIV infection
in this population. Consequently, measurements of linear growth and weight gain and assessments of
neurobehavioral function through tests of motor skills and cognitive ability can be used to evaluate
the action of a drug.

Several studies have shown what many researchers believe is evidence of drug efficacy using
these developmental measures. Data from the multicenter Phase I trial of AZT in children showed
that administration of the drug was associated with weight gain in a population of children that
had shown an abnormal distribution of weights by percentile at their enrollment in the trial. Thc
evidence of growth that occurred when the children were placed on therapy was an indication that
their disease had undergone alteration. Changes were also reported following AZT therapy in
tests of both gross and fine motor skills and cognitive function. Before therapy, the distribution of
children in the trial by percentile on a scale measuring cognitive function was abnormal; following
therapy, the distribution was much more in line with normal values. In a similar Phase I study
of AZT at NCI, 13 of 21 children had neurological impairment on entering the trials, and all 13
showed neurologic improvement with AZT. However, this neurologic improvement appeared to
be independent of other disease symptoms and was not always accompanied by improvement in
immunologic function.

One important feature of these data is that, although some children on therapy may not have
actually improved their status, very few children continued to show declines in development. Thus,
the stability of neurobehavioral status and the stabilizing power of a pharmacological agent should
be considered both in conclusions about efficacy and discussions of appropriate indicators of drug
action. Many pediatric researchers see these types of developmental measures as some of the most
promising candidate markers, although there are some drawbacks to neurodevelopmental tests.
For example, they are more reliable in children who are older than two or three years, and they
are extremely expensive to administer. In addition, interobserver variability may be a problem,
particularly in multicenter trials.

Some pediatric researchers have called for the development of a comprehensive, well-designed
clinical scoring system as a potential outcome measure for drug effect. Such a system could incor-
porate growth, neurological development, development of opportunistic infection, and dysfunction
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of particular organ systems (e.g., heart, lungs, liver, and kidneys). There is precedent for employing
a clinical scoring system that reflects overall well-being in evaluations of interventions for patients
with cystic fibrosis.

Any discussion of treatment for pediatric AIDS would be incomplete without considering
prevention or interruption of perinatal transmission using chemotherapeutic modalities. Vertical
transmission of HIV from infected mothers to their infants accounts for 80 percent of all childhood
cases of AIDS. Studies are currently planned to investigate chemoprophylaxis against in utero trans-
mission (i.e., prophylaxis of the fetus) and intrapartum transmission (prophylaxis of the newborn).
Clinical endpoints of drug efficacy in such studies would be the presence or absence of established
infection in the infants.

With the apparent short incubation period of pediatric HIV infection (in those children observed
thus far) and a generally short disease course characterized by early clinical signs and symptoms,
the question arises: Is there a need for surrogate markers to speed definitive drug trials in children?
The consensus of the conference was that surrogate markers are important for trials in children
because analysis of early trends in responses to experimental drugs can identify drugs that merit
further evaluation and direct future research. Moreover, as in adults, the hope is that new drugs
can eventually be approved sooner on the basis of surrogate endpoints.

Indeed, the speed and sequencing of pediatric (versus adult) drug trials have become issues of
some debate with the advent of AIDS, and several points are worth noting. More than two years
have passed since AZT was approved for adults; yet at the time of the conference it had not received
full approval for marketing in children. The conditions that promote such a substantial, and, as many
conferees expressed it, unacceptable lag in drug availability for children are forcing a reconsideration
of the drug approval process for this population. In the past, sponsors and researchers have waited
for evidence of efficacy from adult trials before commencing trials in children. Now, however, many
in the field agree this should no longer be the case; rather, Phase I studies for safety, tolerance, and
pharmacokinetics, as well as preliminary evidence of efficacy, generally should proceed in parallel
in adults and children. (In some instances, preliminary studies to establish general parameters of
dosage and safety in a small number of adults may be useful, particularly in new classes of drugs
and to serve as a basis of selection for Phase I trials in children among a number of candidate
drugs.) All drugs that will be prescribed for children should be tested in children for safety and
pharmacokinetics (Phase I trials). On the other hand, some efficacy trials may be easier to conduct
in adults, by virtue of the larger number of adult patients, and these efficacy trials (Phases II or III)
should not necessarily require duplication in children before a drug is approved for pediatric use. For
example, data from adult studies on the efficacy of AZT in infected persons with CD4+ counts of
less than 500 have been applied to children to support the practice of treating symptomatic children
and infected children with CD4+ counts of less than 500 with AZT (Future studies may reveal that
a higher CD4+ count would be a more appropriate cutoff in infants.) Furthermore, there may,
in the future, be drugs particular to pediatric AIDS that may never undergo evaluation in adults.
Randomized, controlled clinical trials will continue to be essential in most cases in children and can
be efficiently conducted because of the apparent short incubation period and rapid progression of
perinatally acquired infection. Tials using placebo are ethical at this time only for newborn infants
of infected mothers.

ENDPOINTS, TRIAL DESIGN, AND REGULATION'

Using surrogate endpoints for drug efficacy trials raises the additional problem of how to design
such trials to show the effects of a drug in an era of combination chemotherapy, prophylaxis for some

*This section is based on material presented by Frank Young, Ellen Cooper, Martin Delaney, Sandra Lehrman, Daniel Hoth,
Peter Barton Hutt, and Stephen Lagakos.
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opportunistic infections, and an established standard (AZT). The development of AZT has ended
the days of placebo-controlled trials for antiretroviral agents in symptomatic patients. The urgency
of the epidemic, and the recent appearance in some patients of virus with in vitro resistance to AZT,
has brought increasing pressure for quick approval of any drug that appears to proffer benefits.
This force in turn has created a dynamic tension between the traditionally measured response of
regulators, who are responsible for careful review of the data that seek to establish drug safety
and efficacy, and patients and their advocates, whose overriding concern is to provide promising
therapies to infected persons as quickly as possible. Balancing the requirements of both these groups
in the search for ways to speed drug approval has led to the recent focus on the potential use of
surrogate endpoints in clinical trials.

The current regulatory position is that no single marker has been sufficiently well validated to
be used as a surrogate endpoint for drug efficacy trials. Rather, FDA sees the use of combinations
of markers, including intermediate clinical endpoints (less severe or life-threatening clinical illness),
as the direction it would prefer continuing studies to take. Its present policy is to encourage the
investigation of these markers within clinical trials as a way to gather the additional data needed
to assess their validity as endpoints. One of the factors working against any quick decision on the
use of such endpoints is the chronic aspect of HIV infection; the safety and efficacy of drugs must
be assessed over the length of what is now known to be a long disease course. Consequently, it is
virtually impossible to provide the quick answers desired by those who have the disease or who must
treat patients daily.

Technically, there is nothing in any of the regulatory statutes governing the drug approval
process that precludes FDs approving a drug on the basis of its effect on a surrogate endpoint.
From the FDAs point of view, however, the establishment of such an endpoint or endpoints is
premature at this time. Further progress in the following areas is needed before surrogate endpoints
can be established: the ability to detect and measure markers reliably, the establishment of standards
for significant changes in markers, the possibility of using different markers at different phases of
drug development or with different classes of compounds, and, most important, the correlation of
changes in these markers with both short- and long-term clinical outcome. 1b address these issues
requires the prospective collection of more data that consistently establish the relationship between
changes in clinical condition and changes in surrogate markers over time at different stages of
disease and with different classes of drugs. In such an effort, proper statistical analysis is critical,
especially in light of the great variability observed in all of the laboratory markers currently under
consideration.

AIDS patients and advocates argue that the use of surrogate endpoints will speed the availability
of drugs and in clinical studies may provide a type of "safety net" for patients by defining a threshold
below or beyond which patients should not be allowed to progress without the opportunity to
receive therapeutic interventions. In particular, AIDS patient advocates argue for the acceptance
of measures of intermediate clinical endpoints as surrogates, including the so-called quality-of-life
indicators. Some have proposed using such indicators for a form of conditional licensing for a
promising therapy whose effectiveness could then be confirmed (or disproved) in postmarketing
surveillance. In addition, they suggest the possibility of revisiting and reviewing past studies and
data in the light of new knowledge to ensure that no promising drug has been overlooked or rejected
on the basis of what is now known to be inaccurate or incomplete information.

FDA officials have stated that the agency would approve a drug that had been shown to have
a clearly beneficial effect on intermediate clinical variables, even though the drug had not been
shown to affect the virus. The issue turns, however, on how definitively clinical benefit has been
demonstrated. The results of small uncontrolled trials to measure improvement in these clinical
phenomena could well be confounded by operation of the placebo effect (patients improve because
they think they are receiving an effective therapy). As a way to facilitate decisions regarding
surrogate endpoints for drug trials, FDA officials expressed the need for a public consensual
process. Most FDA decisions are fundamentally driven by the current standard of opinion in the
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medical community about a particular issue. Once this standard has been more clearly defined and
enunciated-that is, once the data are available from which to develop such a standard-the use of
surrogate endpoints in drug efficacy trials may be more widely implemented and carry more weight
in judging the effectiveness of a therapy against HIV and AIDS.

As in many aspects of HIV infection and AIDS, the lack of data on the mechanisms of action of
the laboratory markers restricts both the ability of researchers to reach conclusions on the advantages
of any particular marker and the ability of regulators to help speed drugs to the marketplace and
into the hands of patients. As one way to address the data problem the ACTG has now moved to
more multicenter trials of drugs and dosages. Still, at least for the present, there will continue to be
a number of factors that are not well understood but that may have a substantial effect on whether
and how a particular surrogate marker is used. For example, HIV infection is not a single entity-it
manifests differently in different individuals and at different stages of disease. There is also some
evidence that demographic factors may affect prognosis, an aspect of the problem that continues to
surface but that has not as yet been substantially investigated. Furthermore, as in any new area of
medicine for which remedies are being sought, the question of the individual patient looms large.
The available studies of markers deal, as they must, with populations; the use of markers for clinical
staging of individual patients requires further study.

Decisions regarding the use of any of the markers discussed at the conference rest on determin-
ing what level of risk is tolerable and at what point the medical and regulatory communities should
stop seeking perfection in the state of knowledge and make decisions based on the data that are
available. There can be no doubt that what might be called the classic, large-scale controlled trial
produces the best information on the efficacy of a drug; without such a trial, AZT would not have
been approved as quickly nor could it be prescribed for AIDS as confidently. The heavy demands of
the disease, however, argue for thoughtful consideration of less traditional methods that may speed
drug approval and make effective therapies available to patients. Surrogate endpoints merit study
and development as one such approach.

ROUNDTABLE SUMMARY*

In the climate of urgency that surrounds the search for efficacious therapies against a deadly
disease, surrogate markers of drug effectiveness have great appeal as a mechanism for speeding
determinations of efficacy and safety. Their utility, however, is not limited to the arena of drug
regulation. Clinical management of patients, for example, will also be influenced by the information
collected about surrogate endpoints. Indeed, CD4+ cell counts are now widely used to evaluate
individual patients' disease status and their suitability for medical interventions. Choosing among
the candidate markers that have been identified as possibly useful thus assumes great importance,
especially considering that those surrogates identified today by researchers as most promising will
influence future clinical trial design. The costs of clinical trials and the need to separate less
promising endpoints from those that are most closely related to the pathogenesis of the disease and
correlate most strongly with the true clinical endpoints of morbidity and mortality argue for careful
consideration of the endpoints that may currently be considered candidate surrogates.

Of the laboratory markers of disease progression that have been considered so far, the CD4+
cell count is preeminent. Drugs may have two types of beneficial effect on CD4+ cell counts. In
patients with low CD4+ cell counts, they may produce a rise in CD4+ cells. In patients whose
CD4+ cells indicate that they are not yet at high risk for deleterious events, beneficial drugs may
decrease the rate of decline in CD4+ cell counts. For that period of time during which these patients
have higher CD4+ counts than they otherwise would have had, their risk of adverse outcomes is

*This section is a synthesis of the information presented at the conference based on the Roundtable members' discussion of the
material immediately after the conference concluded.
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presumably diminished. Although the data on the relationship between CD4+ cell count and
prognosis in the natural history of HIV infection are much stronger than those for the significance
of CD4+ changes in studies of drug effect (in which analyses are still preliminary), the early evidence
is promising. In addition, the clear relationship of CD4+ cell counts to disease pathogenesis adds
weight to this conclusion. Data collected and analyzed in the future, of course, may modify this
assessment of the marker's promise. In addition, as is the case for all surrogate endpoints, clinical
measurements of significance must always take precedence in assessing the effectiveness of a drug.
Nevertheless, with this caveat in mind, and all other things being equal, the available evidence
suggests that any drug that raises CD4+ cell counts significantly or delays their decline to a level
predictive of adverse events should be considered effective for that measure, and therefore for the
disease. This finding should be an important consideration in the drug approval process for AIDS
therapeutics.

Other markers of immune activation-neopterin, beta-2 microglobulin, and soluble interleukin-
2 receptors-are also of interest. These markers correlate with disease activity and deserve further
study to establish how they perform in therapeutic studies. At this time, however, their relationship
to the pathogenesis of HIV disease is less clear than that of CD4+ cell counts. Thus, their best use
may be in combination with CD4+ cell counts, percentages, or CD4+/CD8+ ratios.

Because there is substantial variation in viral burden during the course of disease, measuring
the virus itself may be the most direct link to disease pathogenesis and offers promise as a surrogate
endpoint of drug effect. Until recently, viral cultures have not appeared to be useful surrogates
because they gave only a yes/no answer to the question of whether virus was actually present
(current techniques are sensitive enough to allow investigators to culture virus from peripheral
blood mononuclear cells at all stages of disease) and could not be used to quantify viral burden.
Now, however, promising early results have appeared showing that the magnitude of plasma viremia
correlates well with disease stage. In addition, some researchers have now demonstrated that plasma
viremia titers decline in response to AZT therapy.

As a measure that reaches to the heart of disease pathogenesis, quantification of viral burden
offers clear promise as a marker of disease progression and a possible surrogate endpoint of drug
effect. Further development of good quantitative viral assays should be encouraged. The technique
of quantitative polymerase chain reaction (PCR) also shows substantial potential for quantitating
viral burden. However, its early stage of development and lack of standardization preclude its
immediate use as a definitive measure of drug effect.

Another virological marker investigated for its potential as a surrogate endpoint is p24 anti-
genemia. Although levels of p24 antigen do seem to correlate with drug effect, there are some
important limitations to their usefulness. For one thing, only a small proportion of HIV-infected
persons has measurable p24 antigen levels. Therefore, using p24 as the major indicator of drug
effect would severely restrict the population of patients eligible for drug trials. On the other hand,
measurement of p24 antigen is relatively inexpensive and easy to perform, and in patients in whom
p24 is present it does correlate with drug effect. For these reasons, further information on the
response of p24 antigen levels to therapy will be valuable to collect.

Less severe or life-threatening clinical illness may offer another realm of opportunity in the
search for appropriate measures in drug trials. An essential distinction between clinical and labora-
tory endpoints is that, although less severe clinical endpoints may be considered surrogates insofar
as they correlate with disease progression and regression, they may have important significance for
patient well-being by themselves. Therefore, any drug that has beneficial effects on an intermediate
clinical marker may be important in two discrete ways: for its effect on the clinical condition as an
end in itself and for its effect on further disease progression. For example, a drug that effectively
delays the onset of bacterial infections would be important for those effects as well as any effect
it might have on delaying overall disease progression. For this reason, some people object to
labeling any clinical measure a surrogate endpoint. The natural history of HIV infection indicates
that earlier clinical illness is detectable and that such illness itself predicts more severe subsequent
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clinical outcomes. For example, tuberculo ,, particular bacterial infections such as pneumonia, skin
infections, diarrhea, fever, weight loss, minor cognitive changes, changes in Karnofsky scores, and
objective measures of quality-of-life outcomes demand further study for their relation to disease
progression and for their potential role as early indicators of drug effect.

Of necessity, the conference purview was limited mainly to consideration of laboratory surrogate
markers. In the pediatric population, however, persuasive evidence that clinical endpoints may be the
most powerful predictors of drug effect in infants and children overrode that limitation. Pediatricians
are accustomed to measuring growth and development; thus, the capability for accurate quantification
is already in place. In addition, studies have shown that the well-documented failure to grow normally
that is found in infants and young children with HIV infection is clearly altered with antiretroviral
therapy. Researchers in this area take this phenomenon to mean that antiretroviral therapy has
had an effect on overall disease progression. Reverses in neurobehavioral abnormalities, which are
more specific to HIV infection than are growth abnormalities, also provide objective, measurable
evidence that antiretroviral therapy has affected disease progression.

Most studies of the relations between laboratory markers and disease progression and regression
have used adult populations. Consequently, although certain trends in such relations are comparable
from adults to children, the predominant theme here is the paucity of data from sequential studies in
infected children. One problem in understanding the importance of CD4+ cell counts for pediatric
patients is the lack of ebtablished norms in infancy and early childhood. Because normal levels of
these cells are bigher in infants than in adults, the meaning of exact numbers of CD4+ cells and
their relation to disease progression (for example, the often-used level of 500 CD4+ cells) may
differ in these populations. One potential solution to this problem may be for researchers to adopt
the convention of expressing CD4+ cells as a percentage of total lymphocytes rather than as an
absolute value.

In some respects, the exigencies of AIDS and HIV infection have produced a change in thinking
about clinical trials, especially in the case of pediatric populations. Fueling such a reconsideration
of traditional methods and established practice has been the realization that those mechanisms
designed to protect infants and young children from the potentially damaging effects of drugs have
paradoxically retarded the delivery of effective therapy to this population. For example, in the past,
trials in children with any particular agent were not initiated until the drug had been proved effective
through large-scale efficacy trials in adults. Now, however, a consensus is forming that the initiation
of clinical trials in infants and children with HIV infection and approval of drugs for them should
not await action in the adult population but may proceed in parallel. Because toxicity of drugs
may differ in children and adults, Phase I pediatric trials to establish safety are always necessary;
however, when evidence from large-scale adult trials shows the effectiveness of a drug, large-scale
Phase 11 and Ill studies for efficacy do not necessarily require duplication in children. In other
cases, randomized controlled clinical trials in children will continue to be practical and important,
especially in those cases in which a particular drug is only being considered for use in the pediatric
age group.

The search for surrogate endpoints of drug efficacy as a way to shorten clinical trials of drug
safety and effectiveness is impelled by the understandable urgency that attends a disease such as
AIDS. On the basis of currently available evidence, CD4+ cell counts appear to be the marker
most immediately applicable to the drug approval process. In addition, plasma viremia holds great
promise. It is now essential to pursue the clinical studies that will clarify the value of these and other
potential surrogate markers and their relationship to ultimate clinical outcome by incorporating their
analyses into drug trial design.


